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Abstract. The Cherenkov Telescope Array (CTA) is designed to be the next major observa-
tory operating in the Very High Energy (VHE, & 100 GeV) gamma-ray band. It will build on
the imaging atmospheric Cherenkov technique but will go much further in terms of perfor-
mance than current instruments. Its sensitivity at short timescales and the rapid repointing
system will make CTA a perfect facility to observe the gamma-ray transient sky. In this
respect, the synergies between CTA and other multi-wavelength and multi-messenger facil-
ities are expected to further enhance CTA’s scientific scope. Thanks to its characteristics,
THESEUS will perform an unprecedented monitoring of the X-ray variable sky, detecting,
localising, and identifying transients. It will provide external triggers and accurate location
for the CTA follow-up of transients, and their broadband characterisation, playing a key role
for CTA after the next decade.
Key words. Multi-messenger; Cherenkov Telescope Array; Transient Universe
1. The CTA observatory
The Cherenkov Telescope Array (CTA) is a
worldwide project, conceived and designed by
the CTA Consortium, a collaboration of more
than 1400 scientists and engineers from 32
countries around the world. CTA will be the
first open gamma-ray observatory: the data will
be public after a proprietary period, and there
will be the possibility to apply for a Guest
Observer (GO) Programme.
CTA will comprise two arrays, one in
the Northern (La Palma, Spain) and one
in the Southern (Paranal, Chile) hemisphere,
equipped with more than 100 telescopes of dif-
ferent types:
– the Large-Sized Telescopes (LSTs), with a
diameter of 23 m and a field-of-view (FoV)
4.3◦, will observe the energy region 0.02−3
TeV, having a compact placement in both
Northern and Southern sites;
– the Medium-Sized Telescopes (MSTs),
with a diameter of ∼ 11 m and a FoV>
7◦, will be sensitive in the energy range
0.08 − 50 TeV, spread over an area ∼ km2;
– the Small-Sized Telescopes (SSTs), with a
diameter of 4 m and a FoV> 8◦, will oper-
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Fig. 1. Southern Hemisphere Site Rendering. Credit: IAC, SMM.
ate in the energy range 1− 300 TeV, spread
over an area ∼ 4 km2.
The current CTA baseline array layout consists
of 4 LSTs and 25 MSTs in the Southern site
(see fig. 1) and 4 LSTs and 15 MSTs in the
Northern site. 70 SSTs will be built only in the
Southern site because the highest energies are
most relevant for the study of Galactic sources.
To achieve fast-response to transient sources,
the telescopes will incorporate very rapid slew-
ing (30 s for the LSTs, 90 s for the MSTs and
60 s for the SSTs from and to any point of the
observed sky).
On the La Palma site, the construction of
the first prototype LST has started, and this
will become the first LST in the Northern site.
In addition, a number of prototypes exist for
the MSTs and SSTs to test hardware and soft-
ware. Overall, the full arrays are expected to
be ready within ∼ 6 years, with the turn-on
of full operations by the middle of the next
decade. However, initial science with partial
arrays may be possible before the end of the
construction.
Thanks to the combination of the differ-
ent size telescopes, CTA will be ∼ 5 − 10
times more sensitive than current Imaging
Atmospheric Cherenkov Telescopes (IACTs;
see fig. 2), with a broader energy coverage
and a better angular resolution (∼ 3 arcmin
at ∼ 1 TeV). Its excellent performances will
allow CTA to address important questions, as
the origin of cosmic rays, the strength of inter-
galactic radiation fields, and the nature of dark
matter. These themes, that constitute the CTA
Core Programme, will be approached with a
number of Key Science Projects (KSPs) that
propose excellent science cases and advances
from the current state of art. A detailed descrip-
tion of the Core Programme and of the KSPs
can be found in “Science with the Cherenkov
Telescope Array” (Cherenkov Telescope Array
Consortium 2017).
2. The transient sky with CTA
One of the key strengths of CTA is the un-
precedented sensitivity in VHE gamma rays
for short-timescale variability (see fig. 2, and
Funk et al. 2013), that, together with its fast re-
pointing capabilities, makes CTA a perfect fa-
cility to observe the gamma-ray transient sky.
CTA will be capable of detecting serendipi-
tously transients and deliver alerts within 60
s, thanks to a low-latency real-time analysis
pipeline, and of responding rapidly to external
alerts. To further increase its FoV, the possi-
bility of divergent pointing of the array and of
tiling observations are under study.
The Transients KSP has been conceived
to address different questions, that include the
origin of the jets around compact objects (neu-
tron stars and black holes), the origin of cosmic
rays, and to unveil still elusive phenomena as
Gamma-Ray Bursts (GRBs), fast radio bursts,
and the sources of gravitational waves and cos-
mic high-energy neutrinos. For this purpose,
CTA has to respond to a broad range of multi-
wavelength and multi-messenger alerts. The
Transients KSP proposes follow-up observa-
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Figure 1.4 – Comparison of the sensitivities of CTA and Fermi-LAT in the energy range of overlap versus
observation timescale. Differential flux sensitivities at three energies are compared. Adapted from [14]. Note
that the Pass 6 sensitivity is shown for Fermi-LAT and the CTA sensitivity is calculated using an early model of
the arrays; thus, better sensitivities for both Fermi-LAT and CTA are now expected.
The KSPs which rely on the short-timescale capabilities of CTA include:
• Transients (Chapter 9) – comprising a programme responding to a broad range of multi-wavelength
and multi-messenger alerts, including gamma-ray bursts, gravitational wave transients and high-
energy neutrino transients. Rapid feedback to the wider community on the VHE gamma-ray prop-
erties of transients is a key element of the KSP.
• Active Galactic Nuclei (Chapter 12) – where flaring activity forms a key part of the science case,
with rapid bi-directional information flow again critical. Blazars exhibit the fastest known variability
(1 minute timescales) at TeV energies and blazar flares can be used to search for Lorentz invari-
ance violation, as well as cast light on the physics of the ultra-relativistic inner jets of these systems
(see for example [15]).
• Galactic Plane Survey (Chapter 6) – with multiple observations of every part of the Plane al-
lowing the identification of objects variable on timescales from seconds to months, including the
expected discovery of many new gamma-ray binaries [16]. Real-time alert generation from CTA
will maximise the scientific return from short-timescale transients.
1.1.3 Capabilities Beyond Gamma Rays
Whilst CTA is designed as a gamma-ray observatory it will, as part of its normal operation, collect an
enormous quantity of valuable information on charged cosmic rays. Of particular interest are the highest
energy cosmic-ray electrons, which must be associated with nearby particle accelerators (which can
therefore be studied using CTA data in both the gamma-ray and electron channels), and heavy nuclei,
which can be separated using their direct Cherenkov emissions (i.e. from the primary cosmic ray, rather
than from the secondary products in an air shower). Cosmic-ray observations with CTA are discussed
in [17] and in Chapter 14.
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Fig. 2. Left panel (from Cherenkov Telescope Array Consortium 2017): differential energy flux sensitivities
for CTA (south and north) for five standard deviation detections in five indepen ent logarithmic bins per
decade in energy, compared to selected existing gamma-ray instruments. Right panel (from Cherenkov
Telescope Array Consortium 2017): comparison of the sensitivities of CTA and Fermi-LAT in the energy
range of overlap versus observation timescale. Differential flux sensitivities at three energies are compared.
tions of different classes of targets triggered by
external or internal alerts: GRBs, galactic tran-
sients (flares from pulsar wind nebulae, flares
from magnetars – neutron stars with anoma-
lously high magnetic fields, jet ejection events
from microquasars and other X-ray binaries,
novae – explosions on the surfaces of white
dwarfs), X-ray, optical and radio transients (in-
cluding Tidal Disruption Events – TDEs, su-
pernova shock breakout events and fast radio
bursts), neutrino and gravitational wave tran-
sients, serendipitous VHE transients identified
via the CTA real-time analysis.
The science cases and the specific strate-
gies that will be put in place for each class of
transients are described in detail in “Science
with the Cherenkov Telescope Array”
(Cherenkov Telescope Array Consortium
2017).
2.1. Gamma-ray bursts with CTA
CTA will provide important clues to many fun-
damental questions regarding the GRB phe-
nomenon. CTA spectroscopic observations of
GRBs will detail the VHE tail of their prompt
emission, providing information on the emis-
sion mechanisms at the highest energies and on
the properties of the outflow. For instance, CTA
will be able to characterise high-energy spec-
tral cutoff due to pair production, constrain-
ing the Lorentz factor of the outflow. For the
brightest GRBs, temporal analyses and esti-
m tes of var ability time scales in the VHE do-
main will be also possible thanks to the un-
precedented photon statistics provided by CTA
(see e.g. fig. 3). This will allow us to use GRBs
to test Lorentz invariance violation (LIV) with
high precision. CTA will be even more efficient
to observe the long-lasting GeV emission from
GRBs, that is the high-energy counterpart of
the afterglow. The spectral and temporal char-
acterisation of this component will provide a
com lete k owledge of the emission processes
occurring in the afterglow phase, in synergy
with other big facilities that will be operational
at the same epoch as LSST and SKA.
To achieve these results, the following
follow-up strategy is foreseen: a prompt
follow-up with the full array is foreseen for all
the accessible alerts for ∼ 2 hours, with a con-
tinuous monitoring in case of positive detec-
tion. The possibility to repoint on GRBs that
are not promptly observable is also envisaged
in interesting cases. The total estimated ob-
serving time is 50 h/yr/site, to be distributed
equally for each site and each year, starting
from the operation of the first LST.
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Figure 1.5 – Simulated CTA gamma-ray burst light curve, based on the Fermi-LAT-detected GRB 080916C at
z =4.3. See Chapter 9 for more details.
Both gamma-ray and cosmic-ray observations with CTA rely on nanosecond-timescale cameras to de-
tect Cherenkov light. Other uses for the very large optical-photon collection area of the CTA telescopes
do exist. Longer integration time observations of optical targets with CTA could include the use of inten-
sity interferometry, to provide unprecedented angular resolution at blue wavelengths for bright sources
(see [18] and Chapter 14).
1.2 Overview of CTA Science Themes
Here we provide a brief overview of the main scientific questions and topics addressed by CTA, referring
forward where relevant to the KSP chapter for details.
1.2.1 Understanding the Origin and Role of Relativistic Cosmic Parti-
cles
Relativistic particles appear to play a major role in a wide range of astrophysical systems, from pulsars
and supernova remnants to active galactic nuclei and clusters of galaxies. Within the interstellar medium
of our own galaxy these cosmic rays are close to pressure equilibrium with turbulent motions of gas and
magnetic fields, yet the relationship between these three components, and the overall impact on the
star-formation process and the evolution of galaxies, is very poorly understood. CTA will provide the first
high angular resolution measurements of cosmic-ray protons and nuclei (rather than the energetically
sub-dominant electrons that produce the non-thermal emission seen at radio and X-ray wavelengths) in
astrophysical systems, providing insights into the process(es) of acceleration, transport and the cosmic-
ray-mode feedback mechanisms in these systems. Historically, non-thermal effects in astrophysical
systems have largely been ignored or parameterised away due to a lack of high quality data. The
insights from CTA will therefore represent a major contribution to our deepening understanding of the
processes by which galaxies and clusters of galaxies evolve, in the era of precision astrophysics with
major instruments across all wavebands from radio (SKA) to VHE gamma ray (CTA).
Below we introduce the main elements of this theme, moving from the accelerators themselves to the
impact of accelerated particles.
Cosmic Accelerators
The primary goal of gamma-ray astrophysics thus far has been to establish in which cosmic sources
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Fig. 3. Si GRB light curve, based on the Fermi-LAT-d tected GRB 080916C (from Inoue
et al. 2013 and Cherenkov Tel scope Array Consortium 2017).
3. Synergies between CTA and
THESEUS
CTA full potential for time-domain astronomy
can be reached only by strong synergies with
other instruments that provide external trig-
gers and prompt localisation for the follow-
up, and that complement CTA observations at
other wavelength. THESEUS will be a key fa-
cility for this purpose after the next decade.
THESEUS is a space mission conceived with
a unique combination of instruments allowing
GRBs and X-ray transients detection over a
broad FoV (more than 1 sr) with 0.5 − 1 ar-
cmin localisation, an energy band extending
from several MeVs down to 0.3 keV and un-
precedented sensitivity in the soft X-ray do-
main. It will be capable also of performing on-
board prompt (few minutes) follow-up with a
0.7 m class IR telescope with both imaging
and spectroscopic capabilities. Thanks to its
characteristics, THESEUS will perform an un-
precedented monitoring of the X-ray variable
sky, detecting, localising, and identifying tran-
sients.
Overall, THESEUS will provide external
triggers and accurate location for the CTA
follow-up of: long/short GRBs, TDEs, su-
pernova shock breakouts, X-ray binaries and
multi-messenger transie ts. At t e same time,
the observations of CTA and THESEUS will
provide a broad-band characterisation of these
and other tra sients as AGN flares that are of
the utmost importance for the Transients KSP.
Thanks to its sensitivity, THESEUS will
be capable to increase the number of alerts
of GRBs delivered with accurate localisation
(387 − 870 GRBs/yr detected, see Amati et al.
2017, a factor ∼ 4−9 compared to Swift/BAT),
that will likely improve the expected detection
rate with CTA of a similar factor (currently es-
timated to be ∼ 1 GRB/site/yr based on the
alert rates of Swift; Inoue et al. 2013). For a
large fraction of these alerts, a spectroscopic
redshift will be measured directly on-board,
thus enhancing the scientific output of the joint
detections with rest-frame studies of the GRB
properti s at VHE.
4. Conclusions
CTA will be a versatile telescope for wide
range of science topics, representing a fun-
damental step to improve our knowledge of
the gamma-ray sky. Thanks to its improved
sensitivity on short timescales with respect to
Fermi/LAT and other IACTs, it will make pos-
sible to discover and characterise transients
at VHEs. However, its full potential can be
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reached only by strong synergies with multi-
wavelength and multi-messenger instruments
that provide external triggers, accurate locali-
sation and broadband characterisation of tran-
sients. THESEUS will be a key facility for
this purpose after the next decade. In particu-
lar, THESEUS will be capable to increase the
number of alerts of GRBs delivered with accu-
rate localisation, that will improve the expected
detection rate with CTA. The large fraction of
spectroscopic redshift measured directly on-
board will also enhance the scientific output of
the CTA-THESEUS joint detections.
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